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Abstract. This document is in the required format. The paper explores the
correlation between the climate change and the evolution of settlements. For
analysis we picked out the civilisation centres of the extended Mediterranean
and Near East regions. Based on the comparison of the selected settlements´
development stages with the charts showing the precipitation in the respective
periods, we came up with a set of seven charts covering the period between
3000 BCE and 500 CE, that compare the global precipitation with the
manifestation of urban and civilisation activities. The assumption that the
global climate course had an impact on the formation, development, and
perishing of the ancient civilisations and their cities. When numerous factors or
long-term (200 – 400 years) adverse climate conditions are combined then
further deterioration may lead to a mass perishing of settlements and
civilisations, such as around 2300 BCE, between 1300 – 1200 BCE, and
between 400 – 500 CE. The cultures and their cities were able to resist shortterm periods of climate changes. It means, that these cities must have been
resilient to the short-term climate deviations and the related weather wildness
and that they must have been adapted to them.
Keywords: ancient cities, clime, climate changes, Mediterranean and Near East
regions

1 Introduction
The questions connected with the climate changes and particularly with the global
warming carried on with the previous discussion about the state of the environment
and sustainability at about the turn of the millennium. The first reaction was a
declaration of “climate change combat” that, for example, the European Union
integrated in 2010 into the Europe Strategy 2020. (DotaceEU.cz ©2018). Since it
became soon apparent both from the theoretical and practical point of view that
whatever big our “struggle” with the climate change will be, the climate change is
quite indisputably being in progress, historically was in progress and will continue in
future. (More e.g. in Svoboda, 2009, Metelka and Tolasz, 2009)

Currently quite a number of research is carrying on both in the area of resiliency
and adaptation. However, all these activities are oriented to the current state and
current situation without having scope to solve the questions of the climate change
and the consequent changes in the life conditions of individual towns in the broader
spatio-temporal relations. On the other hand we may state that the development of
towns´construction since the oldest historical period is full of examples both
successful and unsuccessful adaptation strategies. Therefore this work sets the aim
of finding the suitable examples so that we might from these historical examples
draw edification for the present.
Obviously it would not be meaningful and it would not be within human power to
investigate all the towns and all the periods of their development. It is suitable to
investigate particularly the towns of globalized world systems that get at least in
orders closer to our towns both in size and complexity. At first sight it would seem
that such globalized systems do not exist in history, but if we search for better we can
find out that although in history there exists only a few examples of such globalized
world systems, but the example from the Bronze Age as well as the present one
represent the clearest examples and the parallels between them are extremely
interesting. (Cline1, 2019). Therefore, our next investigation will be particularly
concentrated on the period of the Bronze Age. It is necessary to mention that the
towns themselves are comparable both in their size and utilities. With little
exaggeration we may say that the towns of the Late Bronze Age had all the utilities
available as our towns have with one exception, which are the distributions and
technologies based on the electric power. On that account the impact of climate
changes on their development and decline can be for us extremely instructive.
The methodical basis of the work is the analytic-synthetic method based on the study
of the literature sources (incl. available publications and picture material on the
relevant Internet servers) complemented with the field investigation in the places
themselves, where it is currently possible from the geopolitical and safety point of
view.

2 Shifts of climatic zones in retrospective
As mentioned before the climatic conditions in the given position of a settlement
can be in the course of time variable and therefore they can have the principal
influence not only on the origin and development of settlements but also on their
decline, or possibly destruction.
The climate changes can be also illustrated on Gehl´s descriptions of climatic
conditions. His Life among the buildings was issued almost fifty years ago in 1971,
and therefore it is an interesting evidence of the change of climatic conditions in
Scandinavia, when it is written here that: „most time outside people require the direct
sunshine and wind protection to feel comfortably. In effect, always with the exception
of the hottest days, the parcs and squares exposed to the wind or in the shadow are in
effect uninhabitated, while the places exposed to the sun or wind protection are full of
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people“. (Gehl, 2000) Gehl and Gemzøe (1996) even created a map of good – i.e.
sunlit public spaces of the centre of Copenhagen. Today even in the Scandinavian
cities people prefer shadow and protection against the direct sunshine for most of the
year.
The literature in the field of study of the historical development of climate change
and its individual phases is not as rich as the publications concerning the topical
situation. Among the first ones, who dealt with the study of climate development,
was the team of prof. Dansgaard, who even in the seventies and eighties of the 20th
century studied on the basis of data analysis acquired from the cores of Greenlandic
glaciers, the precipitation activity and connecting cloudiness in the past. (Svoboda,
2009, p. 64). The basic analyses from the acquired data were carried out by Cuffey et
al. (Cuffey et al., 1995, 1997 etc.).
Cuffey et al. (1997) dealt both with the temperature changes and the question of
precipitation development. Apart from other things they created a model, by means of
which they determined an approximate temperature in the individual historical
periods, and calibrated it by means of isotopes of oxygen and its accumulation in the
individual ice layers. The model was assembled from five principal elements, namely
the change of temperature and its development, the development of surface
temperature, changes in the ice quantity, decrese or increase of an ice layer and the
accumulation rate. The correctness of their analyses was then independently
confirmed by another research under the leadership of Johnsen (Johnsen et al., 1995).
Apart from other things it followed from the results of analysis that the warming was
since the mean Ice Age to the Holocene really great, up to 15 °C on average.

Fig. 1. Development of temperature according s calibration of isotope curve. Source: Cuffey,
1997

This research group has not certainly been and is not the only one, who goes in for
modelling the climate change development in the past. Let´s mention, for example,
the work of Stocker (2011) or others, focused more on the climate development itself,
such as the works of Bristow and Ford (2016), Behinger (2010) or the works of the
team under the leadership of Kondratyev (e.g. Kondratyev, Kravipin A Phillips 2002)
Svoboda (2009) further elaborated the analyses of Cuffey et al. (1995, 1997) in the
field of precipitation, which he considers from the impact on the development of
“humankind” point of view more important, into the clearly organized relative form.
The result is 14 graphs representing a course of oscillation of snow layers, resp.
deviations from the long-term average from the period from 3000 BC up to 1000 AD,
in which he marked the precipitation minima (m) and maxima (M) in the step by fifty
years.

Fig. 2. Annual growths of snow in Greenland from 2000 to 1500 BC. Source: Svoboda, 2009

By analysis of these graphs it is possible to determine the climatic extremes that
can be compared with the important changes in the urban or civilization structures in
the past.
As stated above we can presume that the climate changes will be in correlation
with the significant cultural and civilization manifestations of mankind, whose the
highest stage can be considered the urban and architectonic, i.e. town manifestations.
The analysis of above mentioned graphs can determine the climatic extremes and
compare them with the significant changes in the urban or civilization structures.

3 Choice of settlements for analysis
Before starting the historical analysis, it is necessary to include a note to the
availability of material for comparison. There exists a whole series of archaeological
material, which deals with the development of ancient cultures and their settlements,
often taking into consideration the conditions of the environment, resp. the state of
climate in individual historical periods. Of many we can name, for example, Enzel et
al. (2003), Migovski et al. (2006), Clarke et al. (2015), Rosen and Goring-Morris
(2018), Riel-Salvatore and Negrino (2018). From our point of view the insufficiency
of these works is their purely local aiming, i.e. each such work concentrates on the
state of climate in one concrete locality and very often only in some relatively short
time stage. It is very difficult then to put together a picture of climate development in
the chosen investigated locality, what is practically impossible at the moment to put
together an integral picture of the climate development in the large scale territory or at
least at the level of sub-continets or continents. It is obvious that realization of such a
task would be very desirable, however this task is rather for a climatologist not for an
architect or a town planner. For that reason we have to be for our work satisfied with
an available model of development of precipitation activity as was described above.
The holistic study of development of towns construction is currently investigated
by less town planners then would be expected, so that besides the works by Hrůza
(e.g. Hrůza, 2011 and 2014) and predominantly unpublished studies by Koutný (e.g.
Koutný, 2016) there are only works of the author of this article (e.g. Šilhánková,
2016, 2017, 2019 and Šilhánková and Pondělíček, 2018), which are concerned with
these problems. The research and publication basis moved (as against the period ca
fifty years ago) into the area of historical sciences, particularly into archaeology. In
spite of the considerable progress in these sciences it is evident that the progress in the
research in the field of development and the functioning of the towns construction is
much less than it would be expected, because the physical substance of towns itself
and its urban regularities are often at the edge of interest of historians (very often the
linguists dealing with the different inscriptions) and archaeologists (who besides the
precious golden objects prefer ceramics for its simple historical comprehensibility and
easy dating). We are not, therefore, able to base on the complex elaborated basis of
the development of towns construction nor the complex works dealing with the towns
development in the individual historical periods, but only the partial references in the
comprehensive set of archaeological works. However, it should be mentioned that
even with the limited literature sources at least an approximate picture, which will
have a sufficient testifying value, can be put together. (Complement with the
archaeological sources)
For the following analysis we have chosen the most important settlements – the
civilization centres of a broader Mediterranean and Near East circle, namely the
representatives of Mesopotamian cultures, such as, for example, the town of Ur, as
one of the most important centres of Sumerians, further Babylon as a main
reprentative of the Akkadian period and later the Neo-Babylon Empire in
Mesopotamia and finally Assur, a centre of the Assyrian Empire. To have a full
picture we included in the east Mohenjo Daro (even if it is relatively distant from the
Mediterranean), however we consider it for the main representative of Proto-Indian –
Harapp culture, which we do not want due to its striking urban manifestations to omit

of our investigation. In the area of present Syria, Lebanon and Israel a whole series of
cultures was developing with the distinctive urban centres incl. the oldest town of the
world - Jericho. For analysis we have chosen the town of Ebla, which was once a
leading power base of the northern Syria and further the town of Ugarit, which after
the decline of Ebla overtook the leading position in the region. Of the coastal
Mediterranean towns of the Canaanian and later Phoenician circle we have chosen a
pair of towns of Sidon (Sayda) and Tyre. Of the inexhaustible series of the towns of
Israel, as mentioned before, we have chosen a town, which according to tradition is
the oldest town of the world – i.e. Jericho and an indisputable cultural leader –
Jerusalem. On purpose we omitted the Egyptian towns in our list, because the
possibilities of their investigation are unfortunately, due to erosion, very limited. On
the contrary we included the towns in Anatolia, namely a representative of the Hittite
Empire – Hattusas and its followers – Neo-Hittite kingdoms, represented by the town
of Zindzirli. On the Asia Minor coast we could not obviously leave out Troy and
younger Miletos, which is a principal representative of the Greek colonizing towns.
Of many island towns of the east Mediterranean unambiguously dominates Minoan
Knossos on the Crete. Of the towns on the European part of the Mediterranean the
town of Lerna has been chosen, as one of the oldest town settlements, which preceded
Mycenae with their culture and civilization circle, and which were also obviously
included into the choice, just as Athens as a centre of Greek civilization. Of the towns
of the Apennine peninsula we have then chosen one of the Etruscan towns, namely
Veje, which was regarded as the richest town of the Etruscan league and obviously
Rome. In the south-west Mediterranean there were two distinctive settlements, which
were also included into the selection, namely Punic Carthage and Greek Alexandria.
We analysed altogether 22 towns and the towns of Tyre and Sidon we regarded as a
whole, taking into consideration their cultural, prominent and time similarity. (data in
follow part are mainly based on Šilhánková, 2016,2017,2019 and 2020, and also from
Bárta and Kovář, 2013, Coningham, 2016, Danielisová, 2013, Leicková, 2005, Maggi
a Trosová, 2005, Neumann, 2012, Oatesová, 2016, Rosenová, 2008 et al.)

Fig. 3. Map of analyzed towns. Source: own construction into the base of Google map

4 Correlation between climate changes and development of
settlements
On the basis of comparison of evolutionary stages of the above-mentioned
settlements with the graphs illustrating development of precipitation in the studied
period, we created a set of seven graphs (for spatial reasons there are further stated
only the most interesting of them) covering the period from 3000 BC to 500 AD, i.e.
approximately to the end of the Ancient times, comparing the global precipitation
activity with urban, resp. civilization manifestations in the monitored area in the given
period.
It results from the acquired data that around 3000 BC in the Mediterranean and in
the Near East there exists a developed and stabilized urban society. The towns such as
Ur, Jericho or Ebla went through several centuries history or even several thousands
history in the towns of Ur and Jericho. Other settlements, such as Ugarit, Jerusalem,
Hattusas, Tyre and Sidon transform themselves from the suburban settlements to
towns. In the favourable period around 2900 BC the towns of Knossos and Troy have
been developing themselves. The towns and their societies are in this period able to
manage precipitation minima m-1 (between 2850 and 2800 BC) and m-2 (around
2750 BC). Even though the urbanization process was probably slown down by these
minima (other of the studied towns come into being only after 2700 BC – Lerna
and Mohenjo Daro), these worsened climatic conditions do not on principle influence
the existence of the existing settlements.
Around 2500 BC other significant settlements, such as Assur and Mycenae
appear, probably as a consequence of favourable conditions connected with the
maximum M-4 and the subsequent relatively stable period. A rather different situation
arises around 2300 BC, when other precipitation minimum (marked as m-3) appears.
Although this precipitation minimum is not markedly worse than the previous
minima, it causes interruption of the settlement development in the towns of Jericho,
Ebla, Ugarit, Sidon and Tyre. The precipitation maximum M-4 appearing between
2250 and 2200 BC leads then to the renewal of the settlement of Sidon and Tyre,
however the connecting long minimum m-4 inhibits resettlement of Ugarit and Troy
up to 1st half of 2nd millenium BC. The long-term unfavourable period of the
minimum m-4 most probably caused a decline of Harapp culture and Mohenjo Daro,
similarly as a relatively long-term interruption of the urban development in Troy. For
example Bellová (1971 in Tainter, 2009) regards this so-called dark period between
2200 – 2000 BC in the eastern Mediterranean as a consequence of drought labelled in
the graph above as the minimum m-4. After termination of this unfavourable period
and a short period of the maximum M-6 new urban centres such as Babylon and
Athens, appear on the world urban scene.

Graph 1. Comparison of global precipitation activity with urban development of the ancient
Mediterranean and the Near East from 2500 to 2000 BC. Source: own construction using the
graph in Svoboda 2009

The period between 2000 and 1500 BC can be from the precipitation point of view
considered as quite favourable, because it varies relatively near the long-term average
with the exception of the short period between 1700 and 1650 BC. Unfortunately this
short period is replaced at the beginning of the 2 nd half of the 2nd millenium BC by the
slow period of precipitation minimum m-7, which apparently weakens most of the
urban centres functioning at that time. However, the turbulent development begins
only between 1300 and 1200 BC, when at first the precipitation distinctly worsens
(m-8 around 1270 BC), consequently markedly increases (M-7 around 1240 BC) and
afterwards falls down again up to the half of the 12th century BC. In this regard it is
necessary to mention that the precipitation maximum M-7 was probably caused by
floods, so that the economic situation of settlements did not improve during the floods
but on the contrary much worsened. The result is a decline of practically all the town
settlements except the origin of the Neo-Hittite kingdoms represented by Zindzirli. It
is necessary to realize that the vastness of Zindzirli itself is as against the towns of the
Middle Bronze Age relatively small. On this spot we should mention yet that the
majority of urban centres was at that time invaded by so-called Sea Peoples, which
might have been the interconnecting manifestation of pre-urban cultures, which were
searching because of drought new sources in more developed areas.
From the standpoint of the consequence of precipitation on the development of
cultures and their settlements the situation looks logically also in the case of rise and
fall of Babylon and Babylonia. Their rise is tied up with the increase of precipitation
maximum M-5 and on the contrary the period of fall can be connected with the end of
precipitation maximum M-6 and its transition into the minimum m-6 after 1600 BC.
It seems that its decline can be tied up with the previous precipitation minimum
m-5, which the empire successfully defeated, nevertheless it might have weakened it

so much that the consequent stabilization in the course of maximum M-6 was not
sufficient to overcome the quickly coming minimum m-6.

Graph 2. Comparison of global precipitation activity with urban development of the ancient
Mediterranean and the Near East from 1500 to 1000 BC. Source: own construction using the
graph in Svoboda 2009

In this period the coming of Dorians into Greece as well as the collapse of
Mycenaean civilization took place, where due to the long-term precipitation minimum
m-7 and consequent deep minimum m-8 and resulting drought caused famine,
depopulation and migration, this minimum was futher increased by the consequent
precipitation minimum m-9 after 1200 BC. „What seems to be a collapse of
Mycenaean civilization on the Peloponnesus, is in effect evacuation caused by
drought into other areas, including Attica.“ (Carpenter, 1966 in Tainter, 2009)

Graph 3. Comparison of global precipitation activity with urban development of the ancient
Mediterranean and the Near East from 1000 to 500 BC. Source: own construction using the
graph in Svoboda 2009

After this period called by historians “dark” period the situation in the 1st half of
the 1st millenium BC climatically stabilizes again and some former urban centres, for
example, Babylon, Assur, Tyr and Sidon, Jerusalem or Athens are gradually
renovated and new urban centres, e.g. Veje, Carthage, Rome arise and obviously the
whole great Greek colonization, which is in our brief represented by Miletos. In this
connection it is necessary to mention that a whole series of settlements entirely
declined – Knossos, Mycenae or Zindzirli after the dark period, others like Babylon or
Athens were renewed, but on the different cultural basis (resp. by different culture or
another ethnic group) than was in the previous period. It should be mentioned here
that the end of the Minoan culture and decline of Knossos and other settlements on
the Crete tends to be given into the connection not directly with the climate changes
but with another natural disaster, namely the volcano explosion on the island of
Thera, dated to the 16th century BC (Bouzek, 1979, Pressová, 1978 and others).
The Neo-Assyrian Empire represented by Assur comes into being between the
maxima M-9 and M-10 and survives in spite of the deep precipitation minimum m-10,
which begins between 800 and 750 BC. Its end is coming in the consequent
precipitation minimum m-11 between 600 and 550 BC, when it is replaced again by
increase of Babylon. In this area it seems that the precipitation minima are good for
southerly lying Babylon as opposed to the rather wetter periods, which are good for
its northern neighbours. This hypothesis can be supported by the following increase of
Persia connected with repeated increase of precipitation after 550 BC.
The period of precipitation maximum M-10 between 900 and 800 BC is also
connected by the Phoenician colonization, which was probably stopped by the deep
precipitation minimum m-10 between 800 and 750 BC. It is interesting that this

period means again starting the great Greek colonization and a rise of Etruscan towns
on the Apennine peninsula. Similarly the Rome Empire is flourishing in the same
territory.
In the period of the 2nd half of the 1st millenium BC after surmounting the
precipitation minima m-12 and m-13 the period of independent Greek states finishes
and also the Persian Empire declines, however the period is climatic relatively stable
and the society of that time stabilizes, whose consequence is an important expansion
of the Macedonian Empire at first and consequently of the Roman Empire with their
abundant urban manifestations.
If we have a look separately at the Roman Empire development, we can see that
during the first 500 years of its existence de facto did not cross the border of today´s
Italy. Relatively slow growth can be influenced by the precipitation minima m-12 and
m-13 in 500, resp. 400 BC. The following period means the fierce expansion of the
Roman Empire. Between 200 and 100 BC the Roman Empire expanded from the
border of today´s Italy to the northern part of the Mediterranean, probably due to the
fact that the amount of precipitation increased from the precipitation minimum m-14
again to the average around 120 BC. The subsequent fall of precipitation did not stop
the empire expansion, although the precipitation minimum m-15 around 50 BC might
have influenced the crisis of the Roman Republic and the subsequent birth of empire.

Fig. 4. Roman Empire in 218 BC and in 44 BC. Source:Roman-empire

The decline of settlements in this time is a consequence rather power than climatic
effects (destruction of Tyre and Sidon by Alexander the Great or liquidation of Veje,
and later of Jerusalem by the Romans). Carthage, which was obviously a rival of
Rome, is not deliberately mentioned above. Its liquidation after the 3 rd Punic war can
be connected with the local worsening of conditions after 200 BC within the
minimum m-14 and therefore with the Roman fight for the food sources. However, a
great many of settlements whether in the Mediterranean (among many others we can
except Alexandria mention, for example, Caesarea Maritima in today´s Israel) or in
Europe, was founded. The situation is economically stabilized enough that the Roman
Empire manages to overcome the precipitation minimum m-15, probably due to the
fact that it is relatively short.

Graph 4. Comparison of global precipitation activity with urban development of the ancient
Mediterranean and the Middle East from 0 to 500 AD. Source: own construction using the
graph in Svoboda 2009

However, at the beginning of the 1st century AD the situation radically changes,
the precipitation averages gradually decrease until to the considerable fall around 180
AD, which is a beginning of the slow precipitation minimum m-16 lasting up to the
4th century AD. The urban structures at that time are relatively stabilized, nevertheless
the economic basis of the Roman Empire is still more and more disturbed, which
consequently leads not only to its decline, but to the considerable fall of the urban
manifestations (striking reduction of the existing towns, decline of series of lesser
settlements and more or less disintegration of the urban settlement structure in Europe
for almost following 500 years). We cannot obviously lay the equal sign between the
precipitation averages and decline of the Roman Empire, nevertheless the distinctive
relations between these phenomena are mentioned by many authors. The fall of the
Roman Empire as a consequence of climate changes is presented, for example, by
Winkless and Browning (1975 in Tainter, 2009) or Hughes (1975 in Tainter, 2009),
who draws attention to the lack of food (as a result of drought – author´s note) and a
subsequent fall of a number of inhabitants. Tainter (2009) continues mentioning that
the contemporary Christian author Cyprian comments the situation as follows: „The
winter rains that add nutrition to the seeds in soil are waning, and also summer heat
causing that the crop ripen. Springs have in themselves less freshness and autumns
less fertility.“

5 Conclusion
Of the above-described development of the principal urban centres of civilizations
of the ancient Mediterranean and the Near East, the influence of climate change
(particularly of precipitation development monitored by us) on their development, fall
and destruction is apparent. In accordance with other authors (Svoboda 2009, Tainter,
2009 and many others mentioned in particular by Tainter 2009) it is possible to
confirm the assumption that the global climate development has an influence on the
origin, development and decline of the ancient civilizations and their towns in the area
of the Mediterranean and the Near East. Nevertheless, we cannot lay the simple equal
sign between the amount of precipitation and flowering of civilization and the lack of
precipitation and decline of civilization. It becomes apparent that the stable society is
able to manage partial unfavourable conditions (as we could see, for example, at the
minima m-1, m-2, m-6 or m-10), however, if more factors or long-term climate
inclemency are combined, then the worsening can lead to the massive decline of
settlements and civilizations (minima m-3, m-7, m-8 and m-16). It is also apparent
that the global climate changes do not have the same impact on all the localities, e.g.
in Mesopotamia it seems that what is not good for one its part, and it enables
development and rise of the second part (alternation of development of the north and
the south). At some civilizations also other natural impacts, resp. catastrophes are
evident, for example, in case of decline of the Minoan civilization on the Crete.
Nevertheless we can state that the long-term unfavourable climate conditions may
lead to the decline of settlements as civilization centres, as it happened around 2300
BC, between 1300 and 1200 BC and between 400 and 500 AD. It is necessary to
emphasize that it was always the long-term period (in horizon of 200-400 years). The
cultures and their towns were able to resist to the shorter climate changes. It means
that these towns must have been against the shorter climatic fluctuations resilient,
resp. they must have been adapted to them. Therefore, our adaptation and resilient
strategy should focus on both the short-term impacts of climate change and
particularly on the strategies in the long-term time horizons.
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